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(54) Waveform Synthesizer 

(57) A d.c. to a.c. converter synthesizes 
an alternating voltage by suitably and at 
the correct instants combining direct 
voltage sources 1-13 in series combina- 
tions by means of thyristors 38-49, 
diodes 14-37 being used to mutually 
isolate the individual sources. Polarity 
inversion is effected with the aid of one 
bridge circuit comprising thyristors 51- 
54 at the output of the converter. The 
load of the converter is connected to 
said bridge circuit. The converter may 
be used to generate 220 V, 50 Hz,with- 
out inductive elements, from solar 
panels, via accumulator batteries. A 
plurality of converters may be used to 
generate a multiphase voltage. Transis- 
tors may be used in place of the thyris- 
tors. 
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SPECIFICATION 

Converter comprising a power supply unit and a 
control circuit 

5 

The invention relates to a converter comprising a 
power supply unit and a control circuit, the power 
supply unit comprising n direct voltage sources, 
which when connected in series supply a voltage 

10 which Is substantially equal to the peak value of an 
alternating voltage generated by the converter, 
with an interconnection device which comprises a 
plurality of n switches for combining the direct vol- 
tage sources so as to obtain a desired instan- 

15 taneous alternating voltage amplitude, the control 
circuit opening and closing the switches at a cor- 
rect instant in a sequence which depends on the 
desired waveform of the alternating voltage. 
Such a converter is particularly suitable for 

20 generating alternating voltages similar to those 
supplied by the electric supply mains. The inven- 
tion also relates to multi-phase converters, con- 
structed by means of an arbitrary number of single- 
phase converters in accordance with the invention. 

25 A particularly interesting use of the invention is 
the generation of a single-phase standard alternat- 
ing voltage, Le. one having an r.m.s. value of 1 10 or 
220 V and a frequency of 50 Hz by means of photo- 
cells or solar cell arrays, each array being con- 

30 nected to a direct voltage storage element such as 
one or more lead accumulator batteries, or by 
means of solar panels. The use of solar energy 
being one of the solutions considered in order to 
, solve the energy problem, the use of a device as 

35 simple as that proposed by the invention may con- 
. tribute to success in this respect. 

A converter of the type mentioned in the pream- 
ble is known from US PS 3,867,643. Each direct vol- 
tage source is included in a bridge circuit of four 

40 switches and the bridge circuits are connected in 
series so as to form a power supply unit, to which a 
load may be connected. By controlling each switch 
in each bridge circuit it is possible to obtain a senes 
connection with one polarity, a series connection 

45 with the other polarity as well as to by-pass the di- 
rect voltage sources. In this way it is for example 
possible to generate a sinewave voltage. 

It is an object of the invention to simplify such a 
circuit substantially and to this end the invention is 

50 characterized in that the interconnection device 
comprises n diodes and n switches and that in the 
power supply unit the diodes with the same for- 
ward direction are arranged in series so as to 
obtain a first series connection, and each source in 

55 series with one of the switches is included across 
the terminals of each diode, and furthermore the 
output terminals of the power supply unit are re- 
spectively constituted by the anode of the first 
diode and the cathode of the last diode in the series 

60 connection, whilst furthermore the converter is 
provided with a bridge circuit, comprising at least 
four switches, for reversing the polarity, the one 
diagonal of said bridge circuit being connected to 
the output terminals of the power supply unit and 

cc *i 4.u«^ diagonal constituting the output termin- 
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als for a load to be connected to the converter and 
the switches being opened and closed two by two 
by the control circuit so as to obtain the correct 
positive and negative polarity of the desired alter- 

70 nating voltage across the load terminals. 

In this respect it is advantageous that the number 
of 4n switches in the known converter is reduced to 
only n -r 4 in the converter in accordance with the 
invention. This yields a substantial reduction in 

75 cost. Moreover, it is an advantage that the control 
device and the wiring of the converter are greatly 
simplified. 

The alternating voltage (having n steps per half- 
cycle) which is synthesized by means of this con- 

80 verter is an excellent approximation of the sine- 
wave voltage obtained from the mains if the sequ- 
ence and pattern of the control signals for opening 
and closing the switches are controlled in a suitable 
manner. This voltage is obtained with the aid of a 

85 single converter, but may nevertheless have an . 
arbitrary r.m.s. value (by accordingly changing the 
number of sources that can be conr.ected in series) 
as well as an arbitrary frequency (by suitably con- 
trolling the sequencing pattern of the control sig- 

90 nals). Therefore, this converter has a very wide 
range of applications both in the domestic and the 
industrial field. 

A second embodiment of the invention is char- 
acterized in that the power supply unit comprises a 

95 second series connection of (n-1 ) diodes, which 
allow current to pass in the same direction as the 
first series connection, each diode being also in- 
cluded across the series connection of a switch and 
a source. 

1 00 In this respect it is advantageous that as long as a 
source is not connected in series with other 
sources by a switch, said source is connected in pa- 
rallel with the other sources by the diodes, so that 
all sources remain operative either in series or in 

105 parallel arrangement. In accordance with the said 
US Patent Specification the sources are used in 
series; arrangement only and are by-passed and 
thus disconnected when their, voltage is not needed 
in order to obtain the correct alternating voltage 

110 amplitude. 

In a third embodiment the converter may com- 
prise an arbitrary number of power supply units 
vyhich are connected in series so as to supply the 
sum of their output voltages to the polarity invert- 

115 ing circuit. Each power supply unit is associated 
with a switch, which is connected in series there- 
with, and a diode, which is connected in parallel 
with the series connection of the power supply unit 
and the associated switch, said diodes all being 

120 connected so as to allow current to pass through in 
the same direction as through each power supply 
unit, and the power supply sections, which each 
comprise a combination of a power supply unit, a 
switch and a diode, being connected in series so as 

125 to supply the sum of their individual output vol- 
tages to the polarity inverting circuit. 

According to the invention this embodiment is 
characterized in that each direct voltage source is 
constructed in a similar way as the power supply 

130 unit described in the foregoing. 



GB 2 015 834 A 



The advantage of such an arrangement is that 
the emciency of the converter is improved because 
the series connection of all diodes in a power supp- 
ly unit which functions as direct voltage source is 
5 replaced by one diode when said source is discon- 
nected. The load current then passes through one 
diode only instead of through the entire series con- 
nection. 

A fourth embodiment of the converter m accord- 
10 ance with the invention is characterized in that the 
power supply unit comprises a centre tapping, 
which by means of a switch is connectable to one 
of the converter output terminals and that when the 
switch is closed the control circuit keeps the two 
15 switches of the bridge circuit, which switches are 
connected to the said output terminal, open and 
furthermore controls the power supply unit in such 
a way that the section between the centre tapping 
and the one output terminal of the power supply 
20 unit provides the positive halfcycle of the alternat- 
ing voltage and the section between the centre tap- 
ping and the other output terminal the negative 
halfcycle. 

Thus, the converter may simply be used for two 
25 voltages, e.g. 1 1 0 and 220 V. If the said switch is 
replaced by a permanent connection, the said 
switches of the.bridge circuit may also be dis- 
pensed with and a half bridge will suffice for the 
polarity inversion. 
30 The direct voltage sources as included in the 
power supply units and combined in accordance 
with a specific timing pattern by the control circuit 
so as to generate the instantaneous alternating vol- 
tage aplitude, may be of the primary type and thus 
35 convert chemical, thermal or photo-energy into 
electrical energy, but alternatively they may be of 
the secondary type, in which case they have to be 
charged constantly. Examples of this are accumula- 
tor batteries or capacitors. These last-mentioned 
40 sources may then each be charged by a source of 
the primary type, such as an array of solar cells or a 
solar panel, via a charging circuit. On the other 
hand, it is possible to use one central generator, 
which supplies a direct voltage slightly higher than 
45 the peak value of the alternating voltage from the 
converter. This generator is only connected to the 
output terminals of the power supply unit during 
the time interval that all direct voltage sources in the 
power supply unit are connected in series. In that 
50 case the switches used in the power supply unit 
should be of the bilateral current-carrying type, 
such as a mechanical contact or a triac. If a transis- 
tor or a thyristor is used as switch, a diode for 
transferring the charging current should be included 
55 across each switch. 

A converter in this embodiment is characterized 
in that the direct voltage sources comprise accu- 
mulator batteries and that a charging device with a 
generator is connectable across the output termin- 
60 als of the power supply unit via a switch, said switch 
being closed under command of the control circuit 
so as to transfer a charging current only during the 
time interval that all sources in the power supply unit 

are connected in series. • « ^ 

65 A multi-phase converter can be obtained by com- 



bining a plurality of single-phased converters as 
described so far and appropriately synchronising 
the control circuits. 

The embodiments described produce a sine- 
70 wave voltage by the consecutive addition and can- 
cellation of voltages steps. A Fourier-analysis re- 
veals that the alternating voltage generated by the 
converter in accordance with the invention com- 
prises no even harmonics and that the amplitude of 
75 the odd harminics rapidly decreases as the number 
of voltage steps that are correctly situated in con- 
formity with the sinewave to be formed increases. 
Thus, any filtration of the output voltage of the con- 
verter is then superfluous. However, owing to 
80 switching times, diode knee voltages etc. odd and 
even harmonics of such a residual amplitude are 
left that a simple filtration is still necessary. 

It is noted that the converter of the novel type 
proposed here includes neither a transformer nor 
85 inductances in the power circuit. Owing to the abs- 
ence of inductive circuits the losses normally asso- 
ciated with such elements are avoided, whilst satis- 
factory efficiences and a negligible no-load con- 
sumption can be obtained. 
gQ The invention will be described in more detail 
with reference to the accompanying drawings. 

Figure 1 shows a first embodiment of the conver- 
ter in accordance with the invention, which is 
adapted for the use of solar energy; 
95 Figure 2 shows a voltage waveform which can be 
obtained with the aid of the converter of Figure 1; 

Figure 3 shows a variant of the converter of Fi- 
gure 1 ; 

Figure 4 shows a second embodiment of the con- 
100 verter; 

Figure 5 shows a third embodiment of the con- 
verter, and 

Figure 6 shows a variant which includes a charg- 
ing device for the accumulator batteries employed 
105 in the converter. 

A first embodiment of the single-phase converter 
described with reference to Figures 1 and 2 is 
adapted to generate a sine-wave voltage with an 
amplitude of 31 2 V, and r.m.s. value of 220 V and a 
110 frequency of 50 Hz. These values are given by way 
of example because they correspond to the values 
used for most electric supply mains, but any other 
combination of values is possible owing to the ver- 
satility of the converter in accordance with the in- 
115 vention. 

In the present embodiment the converter com- 
prises thirteen lead accumulator batteries 1 
through 13, which are respectively connected to 
arrays which each comprise an equal number of 
120 photo cells (for the sake of simplicity these arrays 
are not shown in Figure 1 ); each accumulator bat- 
tery can supply a voltage of 24V. The converter also 
comprises twenty-four diodes 14 to 37 and twelve 
switches. In the present example constituted by 
1 25 thy ristors, 38 to 49, though they may be also con- 
stituted by for example triacs. The diodes 14 to 37 
are each included between two consecutive batter- 
ies, for example diodes 14 and 1 5 between the bat- 
teries 1 and 2, diodes 16 and 17 between the batter- 
130 ies 2 and 3 and so on. The twenty four diodes are all 
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included in the same direction, so that the diodes 
with oven reference numerals establish a first con- 
nection between the thirteen positive terminals of 
the batteries and the diodes with odd reference 
5 numerals a second connection between the thirteen 
negative terminals. The thyristors 38 to 49 are each 
included between the positive terminal of a battery 
and the negative terminal of the next battery (re- 
ckoned in the direction of increasing reference 

10 numerals). The combi.nation of the thirteen batter- 
ies 1 to 13, the twenty-four diodes 14 to 37 and the 
twelve thyristors 38 to 49 constitutes a power supp- 
ly unit 50, which is adapted to supply a voltage of a 
specific polarity between the negative terminal of 

15 the first battery 1 and the positive terminal of the 
last battery 13. 

The converter described also includes a polarity 
inverting circuit, which comprises four thyristors 51 
to 54, which are pairwise connected in series In 

20 two parallel branches. Across the output terminals 
55 and 56 of this circuit H e positive voltage sup- 
plied by the power supply unit 50 is available and 
across the intermediate terminals 57 and 58 said 
voltage is available alternately with one polarity or 

25 with the opposite polarity, depending on whether 
the thyristors 51 to 54 are turned on or turned off. 
Between the terminals 57 and 58 a circuit 59 is con- 
nected, which circuit is to be energized by the con- 
verter in accordance with the invention and which 

30 is referred to hereinafter by the general term 
"load". 

Finally, the converter comprises a control circuit 
60 for supplying control signals to the thyristors 38 
to 49 of the power supply unit 50 and the thyristors 

35 51 to 54 of the polarity inverting circuit, so as to 
open and close each of these switches in a sequ- 
ence which depends on the waveform of the vol- 
tage to be generated. 

In Figure 1 the connecting lines of the diodes 14, 

40 16. 18 to 36 and the source 13 shown dashed. This 
Is because the source 13 and the diode 36. if pre- 
sent, should be dispensed with if a null voltage is to 
be obtained from the power supply unit 50. 
Moreover, if the direct voltage sources 1 to 1 2 may 

45 not be connected in parallel via the diode circuits or 
if this parallel connection is not necessary or desir- 
able, the diodes 14, 16, 18 to 34 or 36 may be dis- 
pensed with. 

Figure 2 shows the voltage waveform and illus- 

50 trates how this voltage is formed by means of the 
converter described in the foregoing. Said control 
circuit 60, which is of a known type and which may 
be realised using analogue or digital technology, 
supplies positive or negative pulses to the thyris- 

55 tors so as to ensure that these thyristors are turned 
on or off at instants which have been selected in 
such a way that the addition or cancellation of the 
resultant voltage steps leads to an optimum appro- 
ximation of the desired alternating voltage. The 

60 voltage with 13 steps, shown in Figure 2. which has 
an amplitude of 312 V and a period of 20 msecs.. is 
for example obtained with the aid of a train of con- 
trol pulses, by means of which consecutively the 
following 14 states are obtained: 
*n *i . a|| thyristots off 



- t1 to t2: thyristors 51 to 53 on 

- t2 to t3: 51, 53, 38 on 

- t3 to t4: 51, 53, 38, 39 on 

- t4 to t5: 51 , 53, 39, 39, 40 on 

70 etc. until eventually all thyristors 38 to 49 are 
turned on and ail accumulator batteries are con- 
nected in series so as to obtain the maximum vol- 
tage: 

- t12 to t13: 51, 53 and 38 to 48 turned-on . 
75 - t13 to t14: 51, 53 and 38 to 49 turned-on. 

When the voltage of 312 V is reached the thyris- 
tors 38 to 49 are consecutively turned off in a sequ- 
ence which is the reverse their turn-on sequence; 
after all thyristors 38 to 49 and thyristors 51. and 53 
80 have been turned off the two other thyristors 52 
and 54 are turned on and subsequently the thyris- 
tors 38 to 49 are turned on in the same sequence as 
described in the foregoing in order to form the 
negative half-cycle. By means of a common adjust- 
85 ing facility the entire process corresponding to two 
half-cycles can be made faster or slower so as to 
change the frequency of the voltage generated. 

The aforementioned sequence of turning on and 
turning off the thyristors is merely an example of a 
90 sequence which may be selected for realizing the 
consecutive addition and cancellation of voltage 
steps. Furthermore, it is to be noted that during 
said turn-on and turn-off sequences the batteries 1 
to 13 do not operate in an identical manner, be- 
95 cause at a given instant certain batteries are con- 
nected in series and other batteries are connected 
in parallel. This drawback may be mitigated by cyc- 
licly changing the turn-on and turn-off sequence af- 
ter every half-cycle or after a number of half-cycles 
100 or by changing the sequence of It arbitrarily rather 
than periodically. The only requirement to be 
observed is that for the formation of each half-cycle 
said sequence enables the same build-up and sub- 
sequently the same decay of combination of vol- 
105 tage steps to be obtained. In this way each battery 
is on the average subject to the same load (as the 
case may be over a large number of periods). Such 
a step is equally applicable to the converter just de- 
scribed and to the variants described hereinafter. 
110 if the voltage to be generated has an amplitude 
which is higher than that chosen in the previous 
example, a converter may be used, as is shown in 
Figure 3, which comprises several supply units 50a 
to 50c, which are identical to the unit 50. and which 
115 are connected in series so as to supply the sum of 
their individual output voltages to the polarity in- 
verting circuit. 

In a different embodiment, sinown in Figure 4. the 
converter in accordance with the invention com- 
120 prises four power supply units 71 to 74, which are 
identical to the unit 50 of the converter of Figure 1 
{or to the units 50a to 50a). Each of these units 71 to 
74 has an associated thyristor 75 to 78 respectively, 
connected in series therewith. Each of these four 
125 series connections in its turn has an associated 
diode 79 to 82 respectively, which is connected in 
parallel with said series connection; the four 
diodes are all included so as to pass current in the 
same direction as the direction in which the current 
130 flows in each power supply unit 71 to 74. The com- 
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bination of a power supply unit, a thyristor and a 
diode constitutes a power supply section (71 , 75, 
79), (72, 76. 80), (73, 77, 81 ) or (74, 78, 82). These 
four power supply sections are connected in series 
5 so as to supply the sum of their individual output 
voltages to the polarity inverting circuit. As de- 
scribed in the foregoing, an adjustable control cir- 
cuit 83 enables a free choice of the sequence of 
pulses for turning on and off the thyristors so as to 
10 switch the power supply sections into or out of the 
circuit which supplies the load and so as to ensure 
that in each power supply section the relevant bat- 
teries are connected in series or in parallel. The 
diodes 79 to 82 ensure that the passage of current 
15 continues when the relevant power supply section 
is disconnected (when the thyristor connected in 
scries with said section is turned off). Assuming 
that each power supply section comprises thirteen 
batteries, the embodiment just described enables a 
20 voltage to be generated,which comprises 52 steps 
between the zero value and the peak value, /.e. 
which enables a voltage to be synthesized in excel- 
lent approximation. Even if a thyristor should not 
be turned on and a step is missing in the voltage 
25 generated, this will not significantly affect the qual- 
ity of the voltage. 

In a third embodiment shown in Figure 5 the con- 
verter in accordance with the invention comprises 
an even number of 2 m power supply sections 
30 identical to those just defined. In the present exam- 
ple an arbitrary number of four sections (m - 2) 
has been chosen, but this number should be 
selected higher if a better waveform is required; 
said four power supply sections are designed 91. 
35 92, 93 and 94. An additional branch provided with a 
switch 95 connects the intermediate terminal 57 of 
one of the parallel branches of the polarity invert- 
ing circuit to the terminal 96, which is common to 
two power supply sections designated m and 
40 (m + 1 ), /.e. to the terminal which is the centre tap- 
ping of the 2 m power supply sections 91 to 94. In a 
similar way as in the foregoing, an adjustable con- 
trol circuit 97 enables the sequence to be selected 
of the pulses forturning.on or off the thyristors. In 
45 the present example this circuit 97 keeps the switch 
95 permanently turned on and the thyristors 51 and 
54 permanently turned off. In this embodiment of 
the converter, in which the polarity inverting circuit 
is a circuit with a centre tapping, the converter nev- 
50 er comprises more than m power supply sections 
which simultaneously contribute to the formation 
of the voltage, which in the present example, in 
which m = 2, may be the power supply sections 91 
and 92 or the power supply sections 93 and 94. 
55 In the embodiments described so far the units or 
power supply sections included batteries which, in 
order to be charged, were each connected to arrays 
of a given number of photo cells, so-called solar 
ceils. However, the invention by no means depends 
60 on the manner in which the batteries are charged 
and on the form of energy used. As is shown in 
Figure 6, the electrical energy can be stored with 
the aid of a charging circuit which is connected be- 
tween the terminals 55 and 56 of the converter (de- 
65 signated 98 in said Figure). This charging circuit 
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comprises a single generator 99 which is capable of 
supplying a direct voltage which is at least equal to 
the peak value of the voltage to be generated (a 
wind-drive generator, a generator which is driven 
70 hydraulicly or by thermo-dynamic systems, or any 
other device which converts an arbitrary form of 
energy into a direct voltage), a thyristor 100, a con- 
trol line 101 which connects the control circuit 102 
of the converter 98 to the thyristor 100, and a capa- 
75 citor 103. The thyristor 100 ensures that the charg- 
ing circuit of the batteries is periodically closed; 
this closure is effected during the comparatively 
long interval, which corresponds to the peaks of 
the positive and negative half-cycles of the gener- 
80 ated voltage, when all the batteries are connected 
in series. Diodes, not shown, are then connected in a 
suitable direction to the terminals of all thyristors of 
the power supply units or power supply sections so 
as to allow the passage of the charging current. The 
85 control circuit 102, as described previously, sup- 
plies pulses for turnbn on or off the thyristors of the 
converter and for periodically turning off the thyris- 
tor 1 00. The capacitor 103 is connected to the ter- 
minals of the generator 99 so as to store the elec- 
• 90 tricalenergy delivered by said generator when the 
thyristor 100 is turned off. The batteries may also 
be charged by connecting charging circuits other 
than those just described between the terminals 55 
and 56 of the converter, which circuits a re thus con- 
95 nected in parallel with each other. In this way the 
batteries are charged by charging currents from 
different sources. 

Finally, an arbitrary number of single-phase con- 
verters in accordance with the invention may be 
100 combined so as to realise a multi-phase converter, 
i.e. a converter which supplies a multi-phase alter- 
nating voltage of adjustable amplitude and fre- 
quency, the number of phases depending on the 
number of converters included. Such multiphase 
105 systems may be completely galvanically isolated or 
may have direct connections. The control circuits of 
each single-phase converter may be synchronized 
in a specific sequence so as to obtain the desired 
multi-phase voltage, or thus may be replaced by a 
110 single control circuit. 

The converter in accordance with the invention 
for example enables the main voltage to be synthe- 
sized in excellend approximation. As a result of the 
favourable characteristics, i.e. the almost total abs- 
115 ence of inductive elements which cause substantial 
losses and the possibility of synthesizing an arbit- 
rary voltage (of arbitrary amplitude, frequency and 
a number of phases), this converter provides an ex- 
tremely flexible and comparatively economic solu- 
120 tion to electrical power supply problems. 

Obviously the present invention is not limited to 
the embodiments just described, from which other 
variants and embodiments may be derived without 
departing from the scope of the invention. 
125 In order to protect the thyristors against excess 
voltages a diode may be connected across them, 
which limits the inverse voltage of each thyristor. 
As stated previously, such diodes are absolutely 
necessary for the transistors or thyristors of the 
130 power supply units and power supply sections, if 
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the converter is connected to the generator 99 of 
• the charging circuit of Figure 6. 

The polarity inverting device nnay also be used in 
conjunction with devices of a known type which 
5 prevent a thyristor which has just been turned on 
from being turned off erroneously by the switching 
transient of the thryistor. It is also possible to pro- 
vide transistor instead of thyrtor control, the state 
of conduction of said transistors then being con- 
10 trolled by voltage levels instead of by pulses. 

The generated voltage may also be filtered with 
the aid of a low-pass filter. Moreover, between the 
output of the converter and the load a filter may be. 
included which presents a capacitive load to the 
15 converter, even though said load is in reality in- 
ductive; as an example, a so-called "Ott" filter may 
be used. 

In the case of a converter with a polarity inverting 
circuit with a centra tapping (Figure 5) positive and 

20 negative half-cycles are formed with an equal num- 
ber of steps. However, this may also be effected 
with a different number of steps; this will be the 
case if the two groups of m power supply sections 
used in this example are replaced by two groups of 

25 which a one group comprises p sections which 
each supply C7 volts and the other group rseclions 
which each supply s volts, so that p x q = r x s, 
which means that both half-cycles have the same 
peak value. It is obvious that the sequence of the 

30 control pulses should be adapted accordingly. 

Furthermore, it is evident that by suitably select- 
ing the pattern of the pulses which control the thyr- 
istors, and thus the addition or subtraction of the 
voltage steps, any waveform, such as a square- 

35 wave, sinewave, sawtooth or other wave may be 
formed of arbitrary frequency. 

CLAIMS 

40 1. A converter comprising a power supply unit 
and a control circuit, the power supply unit com- 
prising n direct voltage sources, which when con- 
nected in series supply a voltage which is substan- 
tially equal to the peak value of an alternating vol- 

45 tage generated by the converter, with an intercon- 
nection device which comprises a plurality of n 
switches for combining the direct voltage sources 
so as to obtain a desired instantaneous alternating 
voltage amplitude, the control circuit opening and 

50 closing the switches at a correct instant in a sequ- 
ence which depends on the desired waveform of 
the alternating voltage, characterized in 
that the interconnection device comprises 
n diodes and n switches and that in the pow- 

55 er supply unit the diodes with the same forward 
direction are arranged in series so as to obtain a 
first series connection, and each source in series 
with one of the switches is included across the ter- 
minals of each diode, and furthermore the output 

SO terminals of the power supply unit are respectively 
constituted by the anode of the first diode and the 
cathode of the last diode in the series connection, 
whilst furthermore the converter is provided with a 
bridge circuit, comprising at least four switches, for 

65 reversing the polarity, the one diagonal of said 



bridge circuit being connected to the output ter- 
minals of the power supply unit and the other 
diagonal constituting the output terminals for a 
load to be connected to the converter and the 
70 switches being opened and closed two by two by 
the control circuit so as to obtain the correct posi- 
tive and negative polarity of the desired alternating 
voltage across the load terminals. 

2. A converter as claimed in Claim 1, characte- 
75 rized in that the power supply unit comprises a 

second series connection of (n-1 ) diodes, which 
allow current to pass in the same direction as the 
first series connection, each diode being also in- 
cluded across the series connection of a switch and 
80 a source. 

3. A converter as claimed in Claim 1 , characte- 
rized in that each direct voltage source is con- 
structed in a similar way as a power supply unit as 
described in Claim 1 or Claim 2. 

35 4. Aconverter as claimed in Claim 1, 2 or3, 
characterized in that the power supply unit has a 
centre tapping which by means of a switch is con- 
nectabie to one of the output terminals of the con- 
verter and that when this switch is closed the con- 

9Q trol circuit keeps the two switches of the bridge cir- 
cuit, which switches are connected to the said out- 
put terminal, and furthermore controls the power 
supply unit in such a way that the section between 
the centre tapping and the one output terminal of 

95 the power supply unit provides the positive half- 
cycle of the alternating voltage and the section be- 
tween the centre tapping and the other output ter- 
minal the negative half-cycle. 

5. A converter as claimed in any one of the pre- 
100 ceding Claims, characterized in that the direct vol- 
tage sources comprise accumulator batteries and 
that a charging device with a generator is connect- - 
able, across the output terminals of the power 
supply unit Wa a switch, said switch being closed, 

105 so as to transfer a charging current under com- 
mand of the control circuit, only during the time 
interval that all sources "in the power supply unit 
are connected in series. 

6. A multi-phase converter, characterized in 
110 that it comprises p converters, each as claimed in 

any of the preceding Claims, the control circuits of 
said converters being synchronized in accordance 
with a specific sequence so as to furnish the p 
phases of the converter. 
115 7. A converter, comprising a power supply unit 
and a control circuit, substantially as herein de- 
scribed with reference to the accompanying draw- 
ings. 
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[57] ABSTRACT 
A controlled switching system for converting the out- 
put of several photovoltaic solar arrays into a polypha^ 
alternating electric current. Each array is utilized 100% 
of the time, and at any particular instant only one array 
or no array is feeding a particular phase. The specific 
line to which an array is connected is altered in a cyclic 
manner by the switching system to synthesize the poly- 
phase current. Energy is not stored in the switching 
system, but instead is made available as polyphase elec- 
tric current as soon as it is generated by the photovol- 
taic arrays. Each phase approximates a sine wave to an 
extent that is limited by the number of arrays For the 
closest approximation, the arrays must be configured to 
have pr«cribed voltages and currents. Alternatively, a 
single array may be partitioned electrically such a 
way that the desired voltages and currents are attained. 

2 Oaims, 19 Drawing Figures 
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